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Signal Processing Techniques for Clutter Filtering and Windshear
Cetection

E. G. Baxa, Jr., Clemson University
ABSTRACT

I+- has been argued that the windshear hazard factor is a
sufficient statistic for detecting hazardous windshear ccnditions.
The hazard factor is ccmputed by estimating the spatial gradient
of windspeed across the radar sector of coverage. Wwith the
airborne Doppler radar, one apprcach is to use estimates of
windspeed within each range resolution cell as a pasis for
estimating this spatial gradient. Currently, research 1s directed
at understanding how to obtain the best possible estimate of
windspeed conditions within a range cell. Conventional pulse-pair
processing obtains mean estimates of windspeed. The presence of
strong ground clutter in a low altitude airborne radar return can
significantly bias these mean estimates. One thrust of this
effort has involved use of adaptive clutter rejection filters
based upon auto-regressive modelling of the ground clutter
returns. This offers the potential for using very simple finite
impulse response digital filters to eliminate highly specular
ground clutter returns. For situations where the weather return
is quite low, e.g., the "dry" microburst, clutter rejection
filtering can reduce the weather return signal levels to the
extent that the variance of the mean estimates is quite large.
Research is involved with using mode estimates, i.e., estimates of
the most probable windspeed, in each range cell in determining the
hazard factor. An extended Prony algorithm is discussed. It 1is
based upon modelling the radar return as a time series and appears
to offer potential for improving hazard factor estimates in the
presence of strong clutter returns.
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%L FINAL APPROACH SITUATION bt

dry microburst
2 elev
a/c
ey > 26R
Skm
7km
¥rd CMTAW mesting nué:;:mqiEEEEZLnu Oct. 14, 1960

Notes

Simulated final approach situation with
A/C on 3 degree glideslope and radar
antenna elevated 2 degrees. Dry
microburst in front of Denver runway 26R.

Ground clutter return is based upon SAR
data taken at Denver Stapleton airport.

Signal to clutter ratios are on the order
of 0 @B in the range cells in which the
microburst is present.
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rd CMTAW mesting Clestrieal and Compuier Lagingeriag

DRY MICROBURST

Y

10%h Order AR Spectrum

vindspeed /3

oyl ponpdptny-bpand O M 10 (=

Clomsea Unsversity + l

Notes

)

Auto-regressive model determined spectrum

Note: zero windspeed corresponds to zero

in each of the fifty range cells with
the simulated "dry" microburst without
any clutter present. Signal-to-noise
ratios in the range cells with the
microburst varies from 0 to 30 dB.

Doppler relative to the ground speed

of the aircraft. Positive windspeed
corresponds to winds toward the aircraft
and negative is away from the aircraft.
Range cells are 150 m.
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DOPPLER MEAN ESTIMATES

weather only - mean estimates
10th order
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Reder Systems

Jaiversity

L

3rd CMTAW mesting !I..ctrin:‘-d Compuwter laginseriag Oct. 18, 1980 Ij
|

Notes

L

g
Mean windspeed estimates considering
simulated "dry" microburst without
ground clutter. Five different mean
estimates are used:
1. pulse-pair computed in the time domain
2. pulse-pair computed in the frequency
domain using an AR spectrum estimate
. Fourier domain mean estimate
AR spectrum domain mean estimate
. First order AR model pole estimate

U W

Note: The microburst appears in range
cells 20-33 (approximately). Some
estimates of mean have been edited
to zero ocutside this range based upon
estimated signal to noise ratio in return.
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DOPPLER WIDTH ESTIMATES
weather only - width estimates
10th order
tbvatan ¥ pmiwne Wi Y Aee

]

3

29

o == o~

L

Is

0

-9
-1
.19
-2
-29
-3 Y Y v Y Y

0 19 20 10 0 $0

range cell
Redar Systams Ladorstory
E‘r 3rd CMTAW mesting  Disstrical sad C-.m:vw Oot. 18, 1990 ll—_]

Notes

L
Wwidth estimates for the situation in the
previous slide. Four different width
estimators have been used:
1. pulse-pair width computed in the time
domain.
2. pulse-pair width computed in the AR
spectrum frequency domain.
3. AR spectrum standard deviation
4. First order AR model coefficient

outside those containing the microburst
have been edited to zero because of low
signal to noise ratioc estimates.

Note: Some width estimates for range cells

]
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DOPPLER MODE ESTlMATES
weather only

2nd order extended prony mode estimates
2 largest modes
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ronge cutl
data fite 810719 dat using sode! OMOEM 2
eidth threshold = 5.0
Hadar Systems Ladoratory
h—
A Dectricat and Computer Paginseriag Oot. 18, 1980
E 1 3rd CMTAW maesting ) ol i
&

Notes

F

Spectrum mode estimates using an extended
PRONY algorithm based upon a second
order AR model of the data. Outliers
are caused by insufficient model order.
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DRY MICROBURST IN CLUTTER

10th Order AR Spectrum

Redar Syrteas Ladoretory
= 18, 1
L-JIL 3rd CMTAW maesting lhctri-:_-d Co..'.rot llwgimriu Oct. 18, 1980 ,Ft—_]
< T

Notes

Lt

AR model determined spectrum in each of
the fifty range cells with the "dry"
microburst and ground clutter present
in the return. No clutter rejection
filtering is used. Ground clutter in
the range cells 40-50 in the negative
Doppler region is associated with
an interstate highway included in
the simulation. Signal to clutter
ratios are on the order of 0 dB.

Note that the microburst can still be
identified.

Bk
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DOPPLER MEAN ESTIMATES WITH CLUTTER

weather + clutter - mean estimates
10th order model

ntn el Jprtre e Voes Yeham

ronge ceil

Redar Systems Laboratory J
b i Oct. 18, 1980
Eml 3rd CMTAW mesting  Dlectrical ead Co.'puu.r ln':unrh. 8 IF:]

Notes

=g

=

Mean estimates without clutter rejection
filtering for the situation depicted
in the previous slide. The same five
estimators used proviously are included.
Again some of the mean estimates have
been edited to zero based upon signal
to noise ratio estimates of the return.

Note that the clutter biases the mean
estimates in the range cells 20-33
so that the presence of the mocroburst
is no longer evident.
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DOPPLER MODE ESTIMATES WITH CLUTTER
weather + clutter

10th order extended prony mode estimates
2 largest modes

Subireatind AR H ol 3! Somis Peparche

.
[y L3N
1] ooooo.0.000000‘000‘000.0002000‘00.1000 wwssodet o4
- oo

7 10 20 10 0 0
range cell

dota file B1Q?18.dot using eodel ORDER 10
Redar Syrtems Ladorstory
Oct. 18, 1980

Clemsen Uaiversity

tl? 3rd CMTAW mesting  Riectrical and Compwior Laginsoriag
1

Notes

Lot

Spectrum mode estimates using an extended
PRONY algorithm based upon a tenth
order AR model of the data. Only the
two strongest modes within each range
cell are retained. Outliers are
caused by the presence of discrete
clutter (e.g. interstate highway)

Note that the microburst spectrum modes
are clearly identifiable even though
no clutter rejection filtering has
been done.

Y
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DRY MICROBURST WITH OPTIMAL CLUTTER FILTER

10th Order AR Spectrum

windapsed B/ @ 30

Lat

Oct. 18. 1990 F"

-

— Dlestriend and C wter lagineeriag
[ L ] ]
E-|! Jrd CMTAW maesting "

Notes

Lof (=

AR model determined spectrum in each of
the fifty range cells with the radar
return pre-processed with an optimum
clutter rejection filter in each range
cell. The filter in each range cell
is based upon a tenth order AR model
generated FIR filter which is
adaptively determined using simulated
clutter-only data for the situation
depicted earlier.

Note the mocroburst is clearly present and
some of the discrete clutter in later

range cells is not completed eliminated.
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= POST-FILTERED MEAN ESTIMATES t?

optimally filtered clutter+ weather - mean estimates
10th order

Bative vind Gymast rv ey S0 4 Vahame

304
254
20

1]

Iy
-1
.19 \
-24
-29
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T T

0 10 20 30 40 $0
range cell

Redar Systans Latoratory
E Clectrical and C tagi Oct. 18, 1980 -
ﬂ Ird CMTAW mesting trical am. -'&v:-r l':mmﬁu ,F

Notes
CoF 5]

Mean estimates with optimum clutter rejection
filtering. The same five mean estimators
used previously are compared. Again
some of the mean estimates have been
edited to zero because of low signal
to noise ratio estimates.

Note that the microburst can be clearly
identified.
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PHASE NOISE EFFECTS ON CLUTTER FILTERING
stopband widch (8) =150 Hr. ATTa?0 48
33
8 o (30 M9
- 23 —r— (AeQ00 M)
i ‘e ——— tdeit0 e
1y —m—— f0e100 (M8
g
3
-2
-7
ML - L0 v v
000 208 010 913 020 2%
phase noise pover
Phase Naise Eftects on Clutter Filtering with 70 dB
Stopband Attenuation for &4 Doppler Weather Recturn
with -0 4B SCR
Redar Syrtens Laderasory
- Tiestrieat and Compwior Zaginee Qct. 18, 1980 -
L-}l Jrd CMTAW mesting M ea a.“""“" riag F

Notes

Radar system pulse-to-pulse phase jitter
is analyzed in the presence of the
low signal to clutter ratio situation.

Here an ideal notch filter centered at
zero Doppler with a stopband width
of 150 Hz and 70 dB stopband attenuation
is analyzed. The prefiltered signal
to clutter ratio is held to -30 4B
and the weather mean Doppler is varied
from 100 to 250 Hz. As the phase jitter
noise is increased the clutter spectrum
is spread to the point that the rejection
filter will not provide enough signal
to clutter ratio gain for reliable
pulse pair processing.
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SUMMARY

Characterization of windspesad within a radar range resolution

cell can be severely limited by ground clutter retums

Low level weather returns will present the grestest challenge
in Hazard detaction

Signal processing nesds include a variety of algorithms

and may require super-computer processing ioads for
real time implementation

Radar Systems Lal

boretory
'-‘ rd CMTAW maesting Disctrieal end Compuwior Iagineeriag Qct. 18, 1980

Clemsen Uaiversity

]

Notes

Characterization of ground clutter returns

in initial flight tests will be of
paramount importance.

A suite of signal processing algorithms
will be needed to improve confidence
in hazard detection

Airborne radar will be important for
hazard detection but should be
integrated with other sensor types.
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Estimation of Radial WindSpeed
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Estimation of Radial WindSpeed:

From the I and Q data, the mean radial windspeed
is determined using Covariance and Spectral
domain approaches.

Here we study the performance of cach of these

techniques under varying signal to noise ratio.

Covariance Method:
If R(x) is the covariance function of the received

sequence then the mean Doppler frequency fs can

be estimated by

2 ~ ] A E_H_(R(Tr)
fa = P — rctan( Re"——_(R ™ )

=y

The mean radial wind speed is then obtained as

e

<)
o
il

o[>
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Spectral Estimation Methods:

If S(f) is the spectral density of the sequence

then fs can be estimated by using

N/2
Y [ S(H)W(f)
F— i==N/2
fd = N/2

Y S(fyw(t)
1=-N/2
where W) is the weighting function introduced to

suppress the stationary ground clutter which is
centered around zero Doppler frequency.
The spectral density S(f) is determined using

following methods.

(1) Periodogram Method

(2) Forward-Backward Linear Prediction
Method

(3) Eigenvector method

(4) MUSIC Method



The performance of these methods when the
signal to noise ratio is varied between 10 dB to -5
dB.is studied

From these results it may be concluded that
Covariance method under severe SNR performs

better than other mecthods.

891

ORIGINAL PAGE 1S
OF POOR QUALITY



sy g

w e

xx>y O1
DIA 9T+

"THAOW

S/7WM NI d3IIJdSANIM ITNAaL

© O 0O 0 0Cc OO0 0 C 000 0o

D23AaA 1 —

ALIDOTIA
AVAVHd dHHLVAM

OF POOR QUALITY

ORIGINAL PAGE IS

892



(ALINTANI=3NS) dOHLAW dHOSSADOUd dHUIvd IASTINAJ

Ge—

© 0o 0o 000 00 o0 0000
......u)'

D23A 91—

ALIDOTHA
THAONW dVvVAVd ddJdHLVAM

893

ORIGINAL PAGE IS
OF POOR QUALITY




AQOvn”Nmsz HOSSIADOHAd MIVd ISTNJd

OF POOR QUALITY

ORIGINAL PAGE IS

© Q99 9090000200000 o
X

XM OF
oD3IAa 21 +

ALIDOTHA
THAOW dvavy ddHLVAM

894



(BAS=UNS) HOSSIADOUd HIVAd IASTAd

[e]
=]
a0

sy @

x>y OT*x
DIHA 91+

D23IadA 91—

ALIDOTAA
THAOW dvdadvd dHJHLVAM



"THAOW

(8AS—=UNS) MOSSTAODOMI HIvd AaASINd

© OO0 0oo0oc©c o090 90000 cCcc
...-O'

ALIDOTHA
dVvAdvd dHHLVAM

ORIGINAL PAGE IS

OF POOR QUALITY



Xy 2

x>y OT
D>IA YT+

THAON

(ALINIANI = ¥dNS)

ALIDOTHA

AOHLAW M0oLDIad3dd HVINIT

Avavd dHJHLVAM

897

OF POOR QUALITY

ORIGINAL PAGE IS



ALITY

A.muAuO—uumzvaOT-,sz NOILDIaa M Jd UVIAINIT g4

ORIGINAL PAGE |5
OF POOR QU

wr> @

xxy o7
DIAaA aT -+

S3a eT —

898

ALIDOTAA
THAONW ¥dvavy dIHILVAM



(HAS=UNS)I)TOHLIW NOILDIAIdd JUVANIT g4

© 000000 0% c0C 09000

x>y OTI

DHA 91T+

DIAaA 91—

ALIDOTHA
| THAONW dVAdAVd dHJHLVAM

(-]

%

w

s 5
<8
£3
v &
e w
& B
5 &



Am—muﬂlnmzmv AOHLIANW NOILDIAQIM ] HVINIT g4

2]
45
o«
SE— MW
og— - 3
9
cz-— [CN: o
oz
0oz — Ow

©909099¢c9090900g09c
ldo.cn'o

ALIDOTAA
THAOW dVAVI JdAHLVIM g



THAOWNW

( ALINTANI = NNS ) dOHLAW HOLODIANAIDIA

2 i

© 0O 0o 0o 00 C oo oo C o
-----"O

ALIDOTIA
dVAVvVd dHdHLVAM

901

el
A

MALITH

el E D

I
oOF FROR

e



(adot1 =

XISy 4

XXM o1
DIA Q71+

ALIDOTHA
THAONW dvdavd dAHLVAM

UNS)AOH.LAW BOLOFIA~NADII

C © O ¢ © o
C
o
I

-~
L
'
.\
I

© 0 00 00 00
o
N

OF POOR QuALITY

ORIGINAL pagE |5

902



(S —="UNS) dOHLIW

xx> OF
OSIA YT+

ALIDOTHA
THAOW dvVdAdAVvVd dHHLVAM

HOLDAANIDIA

903

OF FOOR MiaLivy

~

CRICHNAL » ..



W™ Ot
D3I Aa QT -+

THAONW

(ALINIANI = dNS) QOHLIAW DISNNW

© 0O 000 00 Q0 Q@ 0 oo0c oo
00!'.0

ALIDOTIA
dAVAVHd JHAHLVAM

ORIGINAL PAGE IS

OF POOR QUALTY



(o1 =dNS) dOHLINW DISNW

© © 0 000000 O C O 0 0O

DIA 91—

ALIDOTAA _
THAOW dvdvd dHJHLVAM

905

boeet

wOORE

OF POOR QU&JTY

CRIGINAL F



(dac=unNs) dOH.LIN DJOISNW

o'ceg—
0o'0og—
0O'cse—
0'0c—
O0°'GT—
(0NN 0

ALIDOTAA
dVdvyd ddHLVAM

ORIGINAL pagE |s
OF POOR QuaLiTY



(aagc—=4dNS) dOHLANW DISNN

‘S —

x>y Ot
DIAqA 9T+

ALIDOTHA
THAOW dvdvd dHHLVAM

y 907

ORIGINAL PA
OF POOR QUF- .-



(ALINIANI=3dNS) AQOHLIAW NVEDOAOoIdAd

© © 000 0© 09 c oo o cCco
. ""o

c
01
() §
oz
— ‘¢
‘oe
hanhe ce
i e S/
(S8 o § OTx
DA QT + ODHA 91—
ALIDOTAA

THAOW dVAVH JAHLVAM

ALITY

ORIGINAL PAGE |g
OF POOR Qu



xxr>q1 Ot
D3IA 9T+

THAOW

(g0 1 =UANS) OHLIW IV DOAOoIHNAJd

©9 9090909099 90c000
29228 0ac

ALIDOTHA
dvadvd d3dHILVAM

s 09

ORIGINAL F
OF POOR QuA

909

Ty



(g9ds =uNSs) AOHLIW WVADOAOoIudAd

© © 0 00000000000 oo0
cll"‘.o

@I Oor
DIA QT+

ALIDOTAA
THAOW dVAVY dIAHLVAM

r~
"

ORICINAL PAGE IS
OF POOR QUALITY

910



(dac— =UNS) dOHLANW NVIDOAQOIyad

0°'GsE—
00t —
0'GCec—
0°'0c—

0'GI-—
001 —
0Oc—
0°0
o'c
001
0°G1
0'0c
O°'ce
0°'0¢€
o'ce

S3AaQ e —

XLIDOTHA
THAON dvVdvVvd ddHLVAHM

911



912



